In recent years, the pest status of Liriomyza trifolii (Burgess) and L. huidobrensis (Blanchard) (Diptera: Agromyzidae) has changed in California, as well as other areas of the world. In California, L. huidobrensis has become the predominant Liriomyza species in valleys along the central coast, while L. trifolii remains the predominant species in southern California. To investigate possible reasons for this change in status, differences in host plant use and reproductive success of intraspecific populations were examined for Liriomyza trifolii and L. huidobrensis from both central and southern California. The southern L. trifolii fed, oviposited and reproduced successfully on all five hosts tested, but the central population fed significantly less on all hosts and was restricted to reproducing on pepper only. With the exception of pepper, southern L. trifolii had significantly greater larval survival on all hosts than central L. trifolii. In contrast, the central L. huidobrensis population had greater reproductive success than the southern population of that species on all hosts plants tested. However, pepper was not a suitable host for either L. huidobrensis population. Both species showed positive assortative mating, with homotypic mating occurring more frequently than heterotypic mating; however, the difference between L. trifolii populations was much more pronounced than between L. huidobrensis populations. These data indicate that central and southern California populations of each species are distinct biotypes. Furthermore when coupled with previous genetic data, our results suggest the possible existence of cryptic species within L. trifolii.
Introduction
Leafmining flies of the genus Liriomyza (Diptera: Agromyzidae) are among the most important insect pests of vegetable crops and ornamental flowers grown in California (Trumble, 1990) and elsewhere in the world (Spencer, 1973) . The three species of Liriomyza that have been major economic pests in California are L. huidobrensis (Blanchard), L. sativae Blanchard, and L. trifolii (Burgess). The pest status of these species results, in part, from their multivoltine nature, polyphagous feeding habits, and ability to develop insecticide resistance rapidly. They have been considered classic secondary outbreak pests in various agroecosystems (Oatman & Kennedy, 1976; Johnson et al., 1980) . At optimum temperatures, a generation can be completed within 21 days (see Parrella, 1987) , making it possible for several generations to be completed within one cropping season. In addition, their broad host ranges allow for migration among different crops and wild hosts. The host ranges of L. huidobrensis and L. trifolii each encompass over 400 species of plants in some 12 families, and there is considerable overlap in the ranges of the two species (Spencer, 1973; Morgan et al., 2000) . This extreme degree of polyphagy is unusual among species of Liriomyza; only five of the more than 300 species of the genus are considered to be truly polyphagous (Spencer, 1973) .
The history of these species as crop pests is complex. This complexity has resulted from the wide-spread and overlapping distributions of species and from taxonomic confusion (Spencer, 1973) . In addition, there have been at least two dramatic shifts in the Liriomyza species complex in the last 30 years in California resulting from the displacement of one species by another. Until the mid 1970s, L. sativae, a species native to the southern USA and South America, was considered the most significant Liriomyza pest in California (Spencer 1973 (Spencer , 1981 . Then in the mid 1970s, L. trifolii, a native of the southeastern USA, was introduced, most likely on infested plant material from Florida (Spencer, 1981; Zehnder et al., 1983) . Following its introduction, L. trifolii displaced L. sativae to become the predominant Liriomyza species in California (Trumble & Nakakihara, 1983; Zehnder & Trumble, 1984) . Although never critically examined, this displacement has been attributed to differential insecticide resistance (Palumbo et al., 1994) but competition, differential host plant use, and differential effects of natural enemies may have been contributing factors.
In 1992, a second significant shift in the Liriomyza leafminer complex began in the coastal valleys of central California where L. huidobrensis has displaced L. trifolii to become the predominant leafminer species (Dlott & Chaney, 1995; Heinz & Chaney, 1995) . This displacement is unusual in that L. huidobrensis is native to California and South America (Spencer, 1973) , and hence it is not an invasive species. In addition it had been only a minor, sporadic pest in California prior to 1992 (Lange et al., 1957) . Liriomyza huidobrensis also appears to be extending its predominance southward in California (Reitz et al., 1999) . At the same time the distribution of L. trifolii has become limited in the central coast region. From 1996 through 1998, we found L. trifolii infesting no other field crops than peppers (Capsicum annuum L.) in the Salinas valley region of the central coast, whereas we found L. huidobrensis infesting numerous cultivated hosts (S.R. Reitz & J.T. Trumble, unpubl) . During that period in extreme southern California (Orange, Riverside, San Diego counties), we found L. trifolii infesting numerous hosts and L. huidobrensis infesting some, but not all, of the same hosts as in central California. Overall population levels of L. huidobrensis during this time were much lower in southern than in central California.
This outbreak of L. huidobrensis in California coincides with outbreaks in numerous regions of the world, including Europe (Hume et al., 1990; De Goffau, 1991; Cheek et al., 1993) , the Middle East (Weintraub & Horowitz, 1995; Abou-Fakhr Hammad & Nemer, 2000) , southern and eastern Asia (Shepard et al., 1998; Zhiying et al., 1999) , and several Pacific islands (Johnson, 1993) . The broad scale and rapidity of these outbreaks suggest the possible widespread introduction of a common, highly pestiferous strain of L. huidobrensis. If so, such a strain may have originated in South America, where populations of L. huidobrensis have developed significant levels of pesticide resistance (see Chavez & Raman, 1987) . High levels of insecticide resistance also have been reported in European and Middle Eastern populations of L. huidobrensis (MacDonald, 1991; Weintraub & Horowitz, 1995) . Based on variation in sequence data from mitochondrial cytochrome oxidase genes, Scheffer (2000) has determined that flies from many of these outbreak areas are derived from a South American strain of L. huidobrensis. That study also showed that populations of L. huidobrensis from central and southern California are genetically distinct from those of South American origin and form a relatively homogeneous clade, which maybe a distinct but cryptic species, L. langei Frick (Scheffer & Lewis 2001) .
Although California populations of L. huidobrensis form a separate, relatively homogeneous clade compared with the South American strain, Morgan et al. (2000) , using random amplified polymorphic DNA polymerase chain reactions, showed that central and southern California populations of L. huidobrensis are genetically distinct from one another. In addition, corresponding populations of L. trifolii show even greater genetic variation. This genetic difference and the recent host range limits of the central L. trifolii indicate the existence of distinct populations or biotypes of this species.
The existence of different populations or biotypes in geographically widespread populations is relatively common (Diehl & Bush, 1984; Gilbert, 1990) . Although populations can be differentiated genetically, they may or may not show appreciable phenotypic differences. Therefore we were interested in assessing how divergent central and southern California populations of L. huidobrensis and L. trifolii may be in regard to certain biological traits. One objective of our study was to determine if central and southern California populations of these species show differences in host plant performance. Greater reproductive success across multiple hosts could contribute to the enhanced pest status of central L. huidobrensis populations.Alternatively, the central population of L. trifolii may not have as wide a host range as the southern population. A second objective was to determine if central and southern California populations of these species, which are genetically distinct, are reproductively isolated and therefore constitute distinct biotypes, or even incipient species (Diehl & Bush, 1984) . Parrella & Trumble (1989) . The central and southern L. huidobrensis populations were reared primarily on peas (Pisum sativum L.) and celery. Eggplant (Solanum melongena L.), fava bean (Vicia faba L.), and spinach were used as hosts occasionally. The central L. trifolii population could be reared on pepper only. The southern L. trifolii population was reared on beans (Phaseolus lunatus L.), celery, and pepper. Except for the central L. trifolii population, different types of hosts were used for rearing over the entire duration of the study. Experiments were conducted from 1996 to 1998.
Materials and methods

Colony establishment
Colonies of
Identification of adults was confirmed by E. Fisher (California Department of Food and Agriculture). Voucher specimens are deposited in the Department of Entomology, University of California, Riverside.
Host plant performance
We evaluated inter-and intraspecific variation in host plant performance on celery, peas, peppers, spinach, and tomatoes. These host plants were selected because they represent a cross section of hosts on which these species are recorded as developing (Spencer, 1973) , and they are hosts common to the areas from which all of the original source populations were derived. To evaluate the performance of each population, we analyzed the number of feeding and oviposition punctures, and the number of larvae, pupae, and adults produced. The number of feeding punctures reflects the suitability of plants for adult foraging. In addition, females usually feed before ovipositing (Reitz, pers. obs.) . Although there is not a strict numerical correlation between these behaviors (Bethke & Parrella, 1985; Smith & Hardman, 1986) , plants on which females do not feed are unlikely to be used for oviposition.
Plants used in these experiments were grown under similar conditions in the greenhouse. Plants received similar applications of fertilizer (Scott's Miracle-Gro, Maryville, Ohio). All plants, except for peas, were grown individually in 10 cm wide pots. Peas were grown in groups of five plants per pot.
Plants were exposed to flies by placing the plants individually in 11.4-l cylindrical containers. Plants of each species were standardized by age and leaf area to the extent possible. A group of five female and five male flies was introduced into each container. Because of their 1-2 day preoviposition period, flies were 3-5 days old when used in these tests. Plants were exposed to flies for 4 h. At the end of the exposure period, flies were removed from the containers. Each host plant and population combination was replicated 20-30 times. Two days after exposure, the numbers of feeding and oviposition punctures on each plant were counted by examining plants under stereo microscopes. Seven days after exposure, the numbers of larval mines were counted. Following that, plants were placed on Styrofoam trays to collect larvae as they emerged from their mines to pupate. Puparia from each plant were collected daily, and the numbers recorded. Puparia were placed in 30-ml plastic cups and held until adult eclosion. The number and sex of adults emerging each day were recorded. To determine if host plants affected size of adult flies, metathoracic tibial length was measured to the nearest 0.01 mm for a subset of females of each population and host combination.
The numbers of feeding and oviposition punctures, larvae, puparia, and adults, and mean tibial length, were compared among populations for each host plant. We used analysis of variance (ANOVA) to test for population by host interaction and overall population effects for each dependent variable. Where ANOVA showed a significant difference, we compared differences between populations on each host plant through least squares means comparisons (SAS, 1989b) . Because of interspecific plant variation, direct comparisons were not made among host plants.
To satisfy the assumption of homogeneity of variances, leaf puncture data were transformed to log 10 (y +1) prior to analysis, and data on the number of larvae, pupae, and adults were transformed to the square root of (y + 0.375) prior to analysis (Sokal & Rohlf, 1995) . Untransformed means are presented with their standard errors.
Reproductive success of intraspecific crosses
We examined reproductive differences between central and southern populations of each species and potential reproductive isolation by comparing the frequency of matings within and between populations on two different host plants, and the number of offspring produced from successful matings.
Puparia from each colony were individually isolated in microcentrifuge tubes. A small drop of honey was placed in the cap of the tube as a carbohydrate source to sustain emerging adults. Following emergence, two males from the same population were introduced into an arena. Five minutes later an individual female was introduced into the arena. Flies remained caged together for four days. The status of the flies was inspected daily. Replicates in which the female and at least one male did not survive the four days were not included in analyses. All possible crosses between populations of each species were attempted, using celery and pepper as host plants. Each type of cross was replicated 24-36 times.
Arenas for these trials consisted of a 40-dram clear plastic vial, which enclosed host plant foliage. A slit was cut in the cap of the vial to accommodate the plant petiole. This slit was lined with foam weatherstripping to prevent flies from escaping. Two 2.5-cm diameter screen-lined holes were made in opposite sides of the vial to allow for ventilation.
After four days, adults were removed from the arenas. Plants were examined for the presence of feeding punctures and larval mines. Plants without mines were also examined for the presence of eggs. We examined the spermathecae of females that did not produce larvae for the presence of sperm to determine their mating status. All puparia and adults emerging from each cross were collected, as described in the host plant tests. Data on the frequency of mating were analyzed via categorical analysis of variance (SAS, 1989a; Sokal & Rohlf, 1995; Agresti, 1996) . Data on the numbers of progeny from successful matings were subjected to ANOVA following square root transformation. Untransformed means are presented with their standard errors.
Results
L. trifolii host plant performance. Females of both populations of L. trifolii fed on all host plants to some extent, although there was substantial variation in the numbers of feeding and oviposition punctures made on the various types of plants. In all cases, the southern females made significantly greater numbers of leaf punctures than did females of the central population (test for population difference: F 1,225 = 139.4, P < 0.0001). This result suggests that females of the southern population more readily accepted the different hosts for feeding, and possibly oviposition, than do females of the central population. The only host on which these two populations made remotely comparable numbers of punctures was pepper. Even in that case, the southern population made on average over two times as many punctures as the central population.
Females of the southern L. trifolii population did oviposit on all hosts offered. There were significantly more southern L. trifolii larvae than central L. trifolii larvae produced on all hosts (test for population difference: F 1,225 = 17.3, P < 0.0001, Figure 1a ). The only host on which the central population consistently produced larvae was pepper. Although they produced a mean of 6.7±1.70 larvae, that is less than 21% of the mean number produced by southern L. trifolii on pepper. For the other hosts tested, no larvae were recorded on peas, and less than 15% of the replicates for the other three hosts produced any larvae. A closer examination of plants not producing larvae did not reveal the presence of unhatched eggs. Therefore, the low level of larvae present for this population results from females not ovipositing rather than a plant-induced inhibition of egg hatch.
Survivorship of larvae to the pupal stage ranged from 74% to 95% for the southern L. trifolii popula- tion on the various hosts; however, the survivorship of central population larvae reached a comparable level only on pepper (87%). Mortality increased for both populations during the pupal stage. Hence the overall survivorship to adult for southern L. trifolii ranged from 22% on spinach to 70% on peas. On peppers the central population had higher survivorship (57%) than the southern population (35%). Even with the variation in survivorship, the southern L. trifolii produced significantly more adults on all hosts than the central population (test for population difference: F 1,225 = 14.9, P < 0.0001, Figure 1b) .
Despite the differences in numbers of progeny produced by the L. trifolii populations on the various hosts, we found no significant differences in progeny size or development between the populations on pepper (P > 0.05). These comparisons were limited to pepper because it was the one host that produced significant numbers of central L. trifolii.
L. huidobrensis host plant performance
As with L. trifolii, females of both populations of L. huidobrensis fed on all host plants, although there was substantial variation in the numbers of feeding and oviposition punctures made on the different host plants. Overall the central L. huidobrensis population made significantly more leaf punctures than the southern population (test for population difference: F 1,230 = 4.53, P = 0.034), but this result was primarily driven by the significant difference in punctures made on peas. Otherwise, these populations found the remaining hosts equally suitable in terms of feeding activity.
The central population of L. huidobrensis always produced significantly more larvae on the various hosts than did the southern L. huidobrensis (test for population difference: F 1,230 = 10.4, P < 0.0001, Figure 2a ). There was no significant population by host plant interaction (F 4,230 = 1.08, P = 0.37). The greatest disparity in numbers of larvae occurred on pepper, followed by tomato and spinach, but even on celery and peas the central population produced over twice as many larvae as did the southern population. As with L. trifolii, differences in numbers of larvae reflect differences in oviposition. Closer examination of plants showed that virtually all eggs that were oviposited did hatch.
The survivorship of these larvae to the pupal stage was relatively constant, except in the case of pepper. An average of 70% of the central L. huidobrensis larvae from the four hosts other than pepper pupated. The corresponding average for southern L. huidobrensis was 72%. Pepper was not as suitable a host for either population. Only 39% of the central larvae pupated successfully, and none of the southern larvae survived to pupation. Survivorship of central L. huidobrensis pupae was lower (46%), and more variable across hosts, than for the southern L. huidobrensis (58%). The numbers of adults produced by the two populations also differed (F 1,230 = 8.46, P < 0.004, Figure 2b ). Again the primary difference was on peas, where the central population produced over two times as many adults as did the southern population.
Although female progeny size was variable across host plants for L. huidobrensis, there was no significant difference between the central and southern populations in size or development time (P > 0.05). The smallest adults were from pepper and tomato. The low survivorship and small size of L. huidobrensis from pepper indicate again that it is not a suitable host for L. huidobrensis.
Mating behavior within and between populations of L. trifolii
The courtship and mating behavior is relatively stereotypical for both L. trifolii and L. huidobrensis. Mating takes place on the host plant. Males have a stridulatory apparatus on their abdomen and metathoracic femur (Von Tschirnhaus, 1971) . In a typical courtship, the males approach the female, after the female has made a feeding puncture and is in the process of feeding. If the female is receptive, she makes a bobbing motion with her body, which is followed by the male stridulating. These stridulations are made only in proximity to females, and may be used to convey substrate-borne vibratory signals to the female. Following the stridulating, males will attempt to mount and copulate with females. Females that are still receptive will allow males to mate. Unreceptive females will aggressively kick at males to prevent them from copulating. Males of both L. trifolii and L. huidobrensis will court conspecific as well as heterospecific females. Males will also attempt to mount females, but females will reject some of these attempted copulations. Based on these observations, females of Liriomyza appear to be the sex that chooses mates.
L. trifolii reproduction
For L. trifolii, more successful matings occurred between members of the same population (homotypic matings) than between members of the different populations (heterotypic matings) (male × female interaction X 2 = 56.8, 1df, P < 0.0001, Figure 3a ). Central females mated over five times more often with central males than with southern males (Figure 3a) . In addition, the host plant appears to play a role in mating for females of the central population. Significantly more females of the central population mated on pepper than on celery (X 2 = 20.9, 1df, P < 0.0001, Figure 3a) .
Southern L. trifolii females also mated significantly more often with homotypic males than with heterotypic males (Figure 3a ). Southern females mated over twice as often with southern males as central males. In contrast to the central females, there was no significant effect of host plant on the frequency of mating for southern L. trifolii females. Similar numbers of southern females mated on pepper and celery.
Our analysis did not reveal significant postmating factors in terms of number of offspring produced or their viability. Although there were differences between host plants, the pattern of survival for progeny from homotypic matings was comparable with progeny survival from the host plant performance trials (Figure 3b ). Even though homotypic matings were more frequent than heterotypic matings, numbers of adults produced by homotypic matings were not greater than the number of adults produced by heterotypic matings. There was a significant difference in progeny numbers among the different crosses (F 3,120 = 2.69, P = 0.05). This result was because females mated with central males on pepper actually produced significantly more adults than southern females mated with southern males (Figure 3b ).
Mating behavior within and between populations of L. huidobrensis
The frequency of successful matings for L. huidobrensis varied consistently with the host plant. There were significantly more successful matings on celery than on pepper (overall plant effect: X 2 = 8.55, 1 df, P = 0.0034, Figure 4a ). However the disparity was not as great as that seen for L. trifolii. Liriomyza huidobrensis also had more successful matings in homotypic pairings than in heterotypic pairings (male x female interaction: X 2 = 5.78, 1df, P = 0.017). Still, the differences in frequencies of heterotypic and homotypic matings for L. huidobrensis were not as extensive as for L. trifolii, with approximately 65% of heterotypic pairings resulting in successful matings (Figure 4a ).
L. huidobrensis reproduction
Consistent with the host plant performance trials for L. huidobrensis, more pupae and adults were produced on celery than pepper (host plant effect on adult progeny: F 1,153 = 36.8, P < 0.0001, Figure 4b ). There was a significant male by female interaction in terms of progeny production (F 3,153 = 3.25, P < 0.024). However, there was no consistent relationship between the type of mating (homotypic or heterotypic) and the number of progeny produced. For example, an unexpectedly high number of adults was produced from central male and southern female crosses on celery compared with southern male and southern female crosses on celery. This difference seems to result from differences in the number of ovipositions on the two types of host plants. There was no significant difference in the emergence rate between host plants (F 1,107 = 0.55, P = 0.46) or mating type (F 1,107 = 1.03, P = 0.38). Therefore, reproductive isolation between these populations of L. huidobrensis is more likely the result of premating rather than postmating mechanisms, as is the case for L. trifolii.
Discussion
We have addressed our overall objective by showing that the central and southern California populations of both L. huidobrensis and L. trifolii have distinct intraspecific biological differences. These biological differences corroborate analyses of intraspecific genetic differences among these populations of each species (Morgan et al., 2000) . Specifically for L. huidobrensis, we found (1) that for the host plants tested, the central population has significantly greater reproductive success than southern population, and (2) that these populations show positive assortative mating, with homotypic matings occurring more frequently than heterotypic matings. For L. trifolii we found (1) that the central population reproduces on pepper to the near exclusion of other host plants, whereas the southern population accepts and reproduces on all hosts offered, (2) that this limited host range of the central population is driven largely by females not accepting alternative hosts for oviposition, and (3) that these populations of L. trifolii show an even greater degree of positive assortative mating than those of L. huidobrensis. In addition to females mating more often with homotypic males than heterotypic males, we found that the host plant plays a significant role in mating success, especially for the central L. trifolii population.
Although L. huidobrensis is native to California, the recent elevation in its pest status in central California led us to predict that there would be significant biological differences between central and southern populations of it. The recent, ongoing outbreak of L. huidobrensis in central California differs from previous ones in California, which were sporadic, localized, and short-lived (typically one growing season) (Lange et al., 1957) . The current outbreak is widespread, severe, and appears to be expanding southward (Dlott & Chaney, 1995; Reitz et al., 1999) . The differences in host plant performance of the California populations of L. huidobrensis could contribute to the differences in their pest status. Improved host plant performance and greater reproduction across a range of hosts would result in larger populations over time in the valleys of the central coast where many vegetable crops are grown throughout the year. Variations in host plant use by populations of phytophagous insects over large geographic areas is expected to occur as adaptations to local conditions (Gilbert, 1990) . Such local adaptations coupled with other factors such as increased pesticide resistance, could account for the recent surge in L. huidobrensis populations.
Still we are uncertain why these population differences have developed so suddenly and led to increasing pest problems with L. huidobrensis in central California. Although this recent outbreak coincides with other outbreaks of L. huidobrensis worldwide, flies from central and southern California are genetically distinct from other outbreak populations, which are derived from South American populations (Scheffer, 2000; Scheffer & Lewis, 2001) . Therefore the introduction of an exotic strain of L. huidobrensis would not account for the situation in California.
The differences in L. trifolii populations are more extensive and more challenging to explain. Because L. trifolii was introduced recently to California (approximately 25 years ago), and historic California populations were genetically similar, based on allozyme patterns (Zehnder et al., 1983) , we expected there to be less difference expressed between California populations of L. trifolii than between corresponding L. huidobrensis populations. However, the recently observed host range contraction in central California and the substantial reproductive isolation between the central and southern populations indicate considerable intraspecific variation is present currently within L. trifolii. Crop pests can undergo rapid evolution by adapting to widely planted hosts and may specialize on a particular host to the exclusion of other former hosts (Futuyma, 1983) . The host fidelity in mating and oviposition present in the central L. trifolii population indicates that this population is a separate biotype from the polyphagous southern L. trifolii (Diehl & Bush, 1984) .
Female oviposition behavior appears to be the determinant of host range in Liriomyza rather than the nutritional or allelochemical suitability of the host plant for larval development. The central L. trifolii did survive on hosts other than pepper in an extremely few select cases. These cases indicate that this population of L. trifolii still retains an ability to develop on alternative hosts. Likewise, larvae of the specialist Liriomyza helianthi Spencer can survive when transferred to novel hosts not oviposited in by females (Gratton & Welter, 1998) . While our results are similar to those for L. helianthi, they differ from previous research with polyphagous Liriomyza. Smith & Hardman (1986) showed that females of another population of L. trifolii readily accept hosts other than the one on which they were reared, and that their larvae would survive on these alternate hosts. Tavormina (1982) found that while Liriomyza brassicae (Riley) reproduced better on the host species from which it was reared, females still retained the ability to oviposit on alternative hosts, and their larvae could survive on those hosts.
In the case of the central L. trifolii, its host range has contracted, even in the presence of apparently suitable alternative hosts. Refusal of hosts that are suitable to the southern population by central population females indicates that there is some advantage in terms of progeny survival or development (Lawton & McNeil, 1979; Jeffries & Lawton, 1984; Berdegue et al., 1996) . The question of what triggered such a host range contraction remains. A tentative explanation for this situation could be that separate types of L. trifolii had been present in central California, a specialized pepper form and a more generalized polyphagous type, or types. Spencer (1973) has suggested that polyphagy arose twice in the genus Liriomyza, once among the huidobrensis species group and once among the trifolii species group, and that further speciation should be expected with new species developing the more typical monophagous or oligophagous feeding habit. Therefore, the existence of different forms within L. trifolii, as we have shown, or even cryptic species, should be expected. A limitation to the maintenance of sympatric host races should be gene flow and migration of individuals among hosts (Via, 1984) , but if different forms of L. trifolii were present, the polyphagous L. trifolii form could have been displaced by L. huidobrensis, leaving a type that specializes on hosts that are poor for L. huidobrensis.
In the case of the allopatric populations of L. trifolii that we studied, a lack of gene flow could reinforce selection for differences between populations. Furthermore, subtle changes in mating behavior could reinforce reproductive isolation among allopatric populations of widespread herbivorous species. Therefore, an intriguing alternative hypothesis is that because of interspecific competition leading to displacement on other hosts, the central L. trifolii have restricted their host range to hosts on which L. huidobrensis performs poorly. Via (1984) has shown that individual variation in host plant use exists in a population of L. sativae and has suggested that in a relatively homogeneous host plant environment, a greater degree of host plant specialization could occur. Such an environment could exist if competition from L. huidobrensis displaces L. trifolii from other hosts. We do not have data on competitive superiority of L. huidobrensis or if in fact there are differences in competitive abilities of L. huidobrensis populations; however, the earlier replacement of L. sativae by L. trifolii suggests that competitive displacement among leafminers is possible. Although many questions remain, recognition of intraspecific differences in L. huidobrensis and L. trifolii is important. The limited host range of the central L. trifolii population, host plant based mating, and premating reproductive isolation with another population indicate that L. trifolii, as a species, is more complex than previously thought. Of special interest is how these intraspecific differences are affected by rapid evolutionary shifts in a potential competitor, L. huidobrensis.
